Exclusive nonleptonic bottom meson decays are studied in the covariant osillator quark model using the factorization assumption. The main feature of this model is that it can simultaniously be applied to both heavy → heavy and heavy → light transitions, satisfying the constraints of the heavy quark effective theory (HQET) in the appropriate limit. The results obtained are in overall agreement with the present experimental data for various B decays. §1. Introduction
§1. Introduction
The description of exclusive nonleptonic decays of B mesons represents an important and complicated theoretical problem. These decays are nonperturbative in nature and cannot be calculated reliably from the QCD Lagrangian. In contrast to exclusive semileptonic decays, where the weak current matrix elements between meson states are involved, nonleptonic decays require the evaluation of hadronic matrix elements of four local quark operators. To simplify the analysis it is usually assumed that the matrix element of the current-current weak interaction factorizes into the product of two single current matrix elements. Thus the problem reduces to the calculation of the meson form factors, which are contained in the hadronic matrix elements of weak currents as in the case of semileptonic decays, and of the meson decay constants, describing the leptonic decays. This makes the factorization hypothesis 1) a very appealing assumption. Although it is very difficult to prove the factorization hypothesis theoretically within our present understanding of QCD nonperturbative effects, this hypothesis is expected to be valid to a rather good approximation in the case of transitions with large energy release, such as heavy B decays, since the final mesons carrying large momenta escape from the region of interaction, thereby minimizing the effects of a final state interaction. Several tests have been made to prove its validity phenomenologically, 2) and, it has been shown to work well for the description of B meson decays into a D or D * and a light meson. Once the factorization assumption is made, nonleptonic decays are related to the corresponding semileptonic decays.
In this paper we wish to calculate the branching ratios of the exclusive nonleptonic two-meson decays ofB 0 , B − andB s mesons in the framework of the covariant oscillator quark model (COQM) 3) on the basis of factorization. One of the most important motivations of the covariant oscillator quark model (COQM) is to describe covariantly the centre of mass motion of hadrons, retaining the considerable sucesses of the non-relativistic quark model with regard to the static properties of hadrons. A key element of the COQM for achieving this is its direct treatment of the squared masses of hadrons, in contrast to the mass itself as done in conventional approaches. This makes the covariant treatment simple. The COQM has been applied to various problems 4) with satisfactory results. Recently, Ishida et al have studied the semileptonic weak decays of heavy hadrons using this model 5) and derived the same relations of weak form factors as in HQET. 6) Furthermore, the predicted spectra for B → (D * , D)lν were shown to fit experimental data quite well. 7) Keeping this success in mind, we extend application of the COQM to the nonleptonic decays of
This paper is organized as follows. In §2 we present the expressions for nonleptonic decay amplitudes in the factorization approximation. In §3 we present a brief description of the covariant oscillator quark model. Using this model we have evaluated the form factors and obtained the decay rates for various nonleptonic decay processes. The decay modes B → D * V are considered in §4. Section 5 contains our results and discussion. §2. General formalism Neglecting the penguin contribution, the effective Hamiltonian describing the decays under consideration is given by
where C 1 and C 2 are the Wilson coefficients, and the quark current (q i q j ) µ denotes the usual (V −A) current. q i and q j are two types of quark flavors that are hadronized to the P or V mesons. The factorization approach to two-body nonleptonic decays B → DM implies that the decay amplitude can be expressed by the product of one particle matrix elements:
Here a 1 = C 1 + C 2 /N c and a 2 = C 2 + C 1 /N c , where N c represents the number of colors.
It should be noted that in writing Eq. (2 . 3) we have discarded the contribution of color octet currents which emerges after the Fierz rearrangement of color singlet operators. Clearly these currents violate factorization since they cannot allow transition to the vacuum states. In the factorization approximation one can distinguish * ) three classes of B meson decays : the 'class I' transitions such asB 0 → M
where only the term a 1 contributes (both mesons produced by charged currents ); 'class II' transitions, such asB 0 → M 0 1 M 0 2 , where only the term a 2 contributes (both mesons are produced by neutral currents); and 'class III' transitions, such as
, where both terms contribute coherently. In order to evaluate the transition amplitudes we use the following matrix elements: The general treatment of COQM may be called the "boosted LS-coupling scheme," and the wavefunctions being tensors inŨ (4) × O(3, 1)-space, reduce to those in SU (2) spin × O(3) orbit -space in the nonrelativistic quark model in the hadron rest frame. The spinor and space-time portion of the wave functions separately satisfy the respective covariant equations, the Bargmann-Wigner (BW) equation for the former and the covariant oscillator equation for the latter. The form of the meson wave function has been determined completely through the analysis of mass spectra.
In COQM, the meson states are described by bi-local fields Φ B A (x 1µ , x 2µ ), where x 1µ (x 2µ ) is the space time coordinate of the constituent quark (antiquark), A = (a, α) (B = (b, β)) describing its flavor and covariant spinor. Here we write only the positive frequency part of the relevant ground state fields:
where U and f are the covariant spinor and internal space-time wave functions respectively, satisfying the Bargmann-Wigner and oscillator wave equations. The quantity
, where the m i represent the quark masses). The function U is given by
where P s (V s ) represents the pseudoscalar (vector) meson field, and
is the four momentum (mass) of the meson]. The function U , being represented by the direct product of quark and antiquark Dirac spinors with the meson velocity, is reduced to the non-relativistic Pauli-spin function in the meson rest frame. The function f is given * ) by
The value of the parameter β is determined from the mass spectra 8) as β π/ρ/a 1 = 0.14,
.151 and β Bs =0.160 (in units of GeV 2 ). The effective action for weak interactions of mesons with W -bosons is given by
where we have denoted the interacting (spectator) quarks as 1 (2) . The CKM matrix elements and the coupling constant are omitted. This equation is obtained from consideration of Lorentz covariance, assuming a quark current with the standard V − A form. In Eq. (3 . 4), Φ I,P (Φ F,P ′ ) denotes the initial (final) meson with definite four momentum P µ (P ′ µ ), and q µ is the momentum of W boson. The functionΦ is defined byΦ = −γ 4 Φ † γ 4 , and represents the trace of Dirac spinor indices. Our relevant effective current J µ (X) P ′ ,P is obtained by identifying the above equation with
Then J µ (X = 0) P ′ ,P ≡ J µ is explicitly given as 9)
where M (M ′ ) denotes the physical masses of the initial (final) mesons. It should be noted that in the pure confining limit, the masses of the ground state mesons are equal to the simple sums of their constituents, which are much different from the physical masses in the case of light quark pseudoscalar mesons, such as π and K. Therefore we do not consider the transitions B → π and B → K in our analysis as the reliabilty of the results is less for these transitions. The quantity I qb (w), which is * ) In this paper we employ the pure-confining approximation, neglecting the effect of the onegluon-exchange potential, which is expected to be good for the heavy/light-quark meson system. the overlapping of the initial and final wave functions, represents the universal form factor. It describes the confined effects of quarks and is given by
and
where M s (M ′ s ) represents the sum of the constituent quark masses of the initial (final) meson, and m n is the spectator quark mass.
The form factor function I cb (w) for B → D(D * )decays corresponds to the IsgurWise function ξ(w) in HQET. 6) At the zero recoil point w = 1, the value of I cb (w) is given by
(3 . 9)
In the heavy quark symmetry limit β = β ′ , so Eq. (3 . 9) correctly reproduces 7) the normalization condition of HQET, i.e., ξ(w = 1) = 1. However, HQET, as it is, predicts nothing about the Isgur-Wise function except for the zero recoil point, while in COQM the form factor functions can be derived at any kinematical point of interest due to the fact that the center of mass motion of the meson there is treated covariantly, as was mentioned in §1. In addition, the COQM form factor I qb (w) is also applicable for the heavy-to-light transition processes, while HQET does not provide anything for this sector.
After obtaining the effective current in the COQM, the decay widths for various B → D and B → D * decay modes can be obtained with Eqs. (2 . 3), (2 . 4) and (3 . 6). These are as follows:
where we have taken
Here |p| is the c.m. momentum of the emitted particles in the rest frame of the B meson. As stated earlier, only the a 1 term contributes to class I decays, and only the a 2 term contributes to class II decays, while both a 1 and a 2 terms contribute coherently to class III decays. The COQM is also applicable to heavy to light transitions, as well as heavy to heavy transitions, such as B → ρ and B → K * . In this case the above for 
The coefficients a, b and c describe the S-, P -and D-wave contributions to the two final vector particles. In the present framework these are given as
The helicity amplitudes are given as
where x is defined by
and obeys
The corresponding decay rate can be obtained as
The decay distribution is parametrized by the coefficients
In general, the dominant terms in the angular correlations are Γ T /Γ , Γ L /Γ , α 1 and α 2 . The terms β 1 and β 2 are small since they are nonvanishing only if the helicity amplitudes H +1 , H −1 and H 0 or the invariant amplitudes a, b and c, respectively, have different phases.
In the case of heavy to light transitions, B → ρ and B → K * , the corresponding formulas are obtained by the procedure explained as the end of the last section. §5. Results and conclusion 
−
The parameters a 1 and a 2 appearing in these decays, which have recently been determined from the CLEO data, 16) are a 1 = 1.02 and a 2 = 0.23. 17) Using these values we obtain the branching ratios forB 0 , B − andB s mesons, which are tabulated in Tables I, II In this paper we have calculated the branching ratios of the exclusive nonleptonic two-meson decay of B mesons using the covariant oscillator quark model based on the factorization approximation. The applied form factors are consistent with the predictions of heavy quark symmetry. The overall agreement of our predictions for two meson nonleptonic decays of B mesons with the existing experimental data suggests that the factorization approximation works well and the estimation of confinement effects by the COQM is valid. 
